Internal medicine residents who complete simulation-based education (SBE) in central venous catheter (CVC) insertion acquire improved skills that yield better patient care outcomes. The collateral effects of SBE on the skills of residents who have not yet experienced SBE are unknown.
Medicaleducatorshaveused simulation-based education (SBE) to improve the quality of patient care in a variety of medical disciplines. [1] [2] [3] [4] [5] [6] [7] [8] [9] Simulation promotes trainees' acquisition of important clinical skills, 10, 11 supports their achievement of rigorous standards in a safe, forgiving environment, 10, 11 and allows them to receive feedback about their performance from trained faculty supervisors. The American Board of Internal Medicine recommends simulation training for internal medicine residents before the performance of invasive procedures on patients because research has shown a link between simulation training and improved patient safety. 12 Residents frequently insert central venous catheters (CVCs) to provide resuscitation for critically ill patients in the intensive care unit (ICU). Medical trainees without adequate preparation and training often perform this procedure [13] [14] [15] even though it is associated with serious complications including pneumothorax, arterial puncture, and catheter-associated bloodstream infection. 16 McGaghie 17 has described medical education research, such as that which examines the link between SBE and patient outcomes, as translational science that follows the 3Ts roadmap. T1 educational research outcomes show trainee skill and knowledge improvement in controlled laboratory settings. T2 education research outcomes demonstrate better patient care practices in hospitals and clinics. T3 education research outcomes demonstrate downstream improvements in patient or public health. 17 Research shows that second-and third-year (senior) internal medicine residents who complete SBE to mastery standards demonstrate improved CVC insertion skills 2,3 (T1) that are largely retained across one year. 18 In addition, this training results in fewer CVC insertion-associated complications 3 (T2) and catheter-related bloodstream infections 4 (T3) among medical ICU patients.
At our institution, first-year (junior) residents participate in CVC insertion only under the direct supervision of a second-or third-year resident who has completed CVC SBE to mastery standards. Bandura's 19 social learning theory addresses the importance of observation and vicarious learning in education. This theory suggests that junior physicians learn at the bedside from direct observation of senior physicians during the performance of procedures such as CVC insertion. However, the effect of vicarious learning on skill acquisition among residents who observe at the bedside is unknown.
We decided, therefore, to study the collateral effect of SBE by analyzing the baseline (pretest) scores on the CVC insertion clinical skills examination during the first three years of our CVC mastery learning curriculum. Because the pretest occurs before SBE, scores on this test reflect the CVC insertion skills of residents acquired vicariously in clinical care. Thus, the aim of this study was to assess changes in resident performance of simulated CVC insertions in an effort to determine whether the skills acquired by senior residents during SBE "trickle down" to junior residents who have not yet experienced SBE.
Method
This is a retrospective, observational study of 102 second-and third-year internal medicine residents at Northwestern University (Chicago, Illinois) from July 2007 to June 2010 (three academic years). The Northwestern University institutional review board approved the study, and all participants provided informed consent before participating.
Procedure
Internal medicine residents rotate through the medical ICU at Northwestern Memorial Hospital, a 792bed tertiary care hospital in Chicago, Illinois, for a dedicated medical ICU experience during the first year of training and again as second-and/or third-year residents. Department of Medicine policy dictates that only simulator-trained second-or third-year residents may independently insert CVCs. First-year residents may participate in CVC insertion only under the direct supervision of a simulatortrained second-or third-year resident, a pulmonary and critical care fellow, or an ICU attending physician.
The details of our CVC training intervention are described elsewhere. 2, 3 In brief, residents complete SBE in CVC insertion to mastery standards one month before their first ICU rotation as a second-or third-year resident. Before the educational intervention, residents undergo baseline testing (pretest). A senior faculty member (J.H.B.) uses a 27-item checklist to assess their internal jugular and subclavian CVC insertion skills on a central line simulator. Subsequently, the residents receive at least two education sessions (each two hours) with standardized lectures, deliberate practice, and feedback using the simulator. After training, residents complete a posttest skills examination (involving the same checklist) on which they are expected to achieve a minimum passing score (MPS). Residents who do not meet the MPS at posttest return to the simulation laboratory for additional training. Meeting the MPS before completing training is the key feature of mastery learning. 20, 21 In mastery learning, educational outcomes are uniform, whereas training time varies.
An expert panel previously set the MPS during a standard setting exercise 22 using the Angoff and Hofstee methods. All preand posttests were video recorded and graded by a single unblinded instructor (J.H.B.).
After they successfully complete the SBE training, second-and third-year residents are allowed to insert CVCs during actual patient care in the medical ICU. The education program includes no expectations or requirements for teaching CVC insertion skills to firstyear residents. Figure 1 is a graphic representation of internal medicine CVC insertion education at Northwestern Memorial Hospital.
During the study period, first-year residents had progressively more contact with simulator-trained second-and third-year residents. In academic year (July through June) 2007, 57% (46 of 81) of the second-and third-year residents had successfully completed the SBE. In academic year 2008, the percentage increased to 76% (61 of 80 second-and third-year residents), and in academic year 2009, the percentage of simulatortrained residents rose to 96% (77/80).
At baseline testing (which occurred one month before the first medical ICU rotation), we obtained the following data about each second-or third-year internal medicine resident: age, gender, United States Medical Licensing Examination (USMLE) Step 1 and 2 scores, year of training, rating of CVC insertion confidence (scale 0 ϭ not confident, 100 ϭ very confident), and rating of clinical experience (number of internal jugular or subclavian central lines inserted). We evaluated differences in baseline (pretest) checklist scores by academic year (2007, 2008, and 2009 ) by comparing mean scores and the percent of trainees who met or exceeded the MPS before training. A blinded faculty instructor with expertise in scoring clinical skills examinations (D.B.W) rescored a random 25% sample of the videotaped pretests to assess interrater reliability.
Statistical analyses
We compared demographic data from each of the three academic years using analysis of variance (ANOVA) or the chisquare statistic. We also used ANOVA to evaluate differences among the three academic years in baseline checklist mean scores, and we used the chi-square statistic to evaluate differences from year to year in the percentage of residents who passed the pretest. We used multiple linear and logistic regression to evaluate the effects of age, gender, year of training, confidence, and CVC clinical experience on baseline test performance; we excluded USMLE Step 1 and 2 scores from the regression analysis because of incomplete data. We used the Cohen kappa coefficient to assess interrater reliability. We performed all analyses with IBM SPSS (version 19.0; Chicago, Illinois). All statistical tests were twosided, and we set significance at alpha ϭ .05.
Results
In 2007, 46 second-and third-year residents completed CVC SBE; in 2008, 32 residents completed the training; and in 2009, 24 residents completed the CVC SBE. As shown in Table 1 , the three groups of residents were very similar demographically; however, a higher percentage of second-year residents (compared with third-year residents) Figure 2 ). For subclavian CVC insertion, the passing rate was 11% (5/46) in 2007, 19% (6/32) in 2008, and 38% (9/24) in 2009 (P ϭ .028). Again, the multiple logistic regression tests demonstrated that covariates did not affect the passing rate improvement for either internal jugular (P ϭ .006) or subclavian (P ϭ .003) insertion.
Interobserver agreement for the baseline skills checklist was high: n ϭ 0.92.
Discussion
This study demonstrates that the baseline internal jugular and subclavian CVC insertion skills of second-and third-year internal medicine residents improved across three consecutive years. We believe this improvement occurred because other residents who had previously completed simulation training taught first-year residents (who had not completed SBE) how to insert CVCs via bedside demonstration. Observing the senior residents in the hospital produced annual improvements in baseline scores in the simulation laboratory. Our results suggest that residents who achieve a high level of skill during SBE vicariously transfer those skills and that knowledge by teaching junior trainees at the bedside. By contrast, residents who have not experienced rigorous training and skill assessment may pass poor techniques and errors down to the next generation of residents.
These findings have several implications. First, rigorous SBE for one group of trainees may have a collateral effect on the skills of subsequent trainees. Further study is needed to evaluate the optimal design of SBE interventions to maximize this outcome. Research methods such as direct observation, focus groups, and interviews (especially of junior residents, the collateral learners) may help clarify interactions among trainees at the bedside. Second, the collateral effect of SBE is modest compared with the powerful direct effect of SBE on individual trainees. 2, 3, [23] [24] [25] Although 38% of residents in 2009 were able to demonstrate CVC insertion skills that exceeded the MPS without SBE, the majority of residents still required the full CVC SBE curriculum to reach this skill level. These data should remind educators that clinical experience alone is not only insufficient for residents to acquire invasive procedural skill proficiency but also potentially dangerous for patients.
Implementation science recognizes that a complex intervention, such as the SBE program for medical residents at Northwestern, has many moving parts. 26 A recent review by Damschroder and colleagues 27 presents a consolidated implementation science framework with five domains: (1) the intervention, (2) the inner setting (e.g., a teaching hospital), 28 The SBE program has intended effects on procedural skill acquisition among residents and unintended (yet welcome) collateral effects on the educational environment. A similar systemic outcome has been achieved concerning resident mastery of advanced cardiac life support skills. 23, 29 This study has several limitations. First, it occurred in one institution with a limited number of residents. Further study is required in other programs using the mastery learning model for CVC insertion to determine generalizability to other settings and other skills. Second, because of the complex nature of interactions that occur in a health care system, we cannot rule out unknown factors contributing to the enhanced baseline skills of residents in CVC insertion in the third academic year (2009) compared with the first (2007). We do not believe, however, that skill improvement derived from residents' learning CVC insertion in clinical settings beyond the ICU. Such learning rarely occurs in our program. The training intervention may have become more effective during the study period, but this is also unlikely because the duration, content, and primary instructor did not change. Other unknown factors may have affected our results including health care professional training, equipment changes, case-mix differences, hospital policies and procedures, or other patientsafety initiatives; however, to our knowledge, no such institutional changes occurred during the study period. Third, differences may have existed among the three classes of residents from year to year, and we were unable to control for USMLE Step 1 and 2 scores as a marker of academic achievement because of incomplete data. However, there were no significant differences in mean USMLE scores between academic years, and earlier research shows no correlation between USMLE scores and procedural skill performance. 3, 23, 24, 30 Finally, the number of residents who received training per year decreased, but over time (cumulatively) the total number of trained residents increased. This occurred because simulation training occurs before the first ICU rotation as a senior resident, and many residents received the intervention during the second year and not during the third.
In conclusion, the benefits of SBE for senior residents trickled down to junior trainees as evidenced by improved pretest scores on the CVC insertion skill examination across three consecutive years. SBE is a powerful tool that boosts the skills of individuals who participate directly, and it may have collateral effects on others. Further study is needed to clarify the cause-and-effect relationship and to determine the influence of this collateral effect in other procedures and skills and among other trainees in other settings.
